Abstract: Operation principle of the engineering systems occupies an important role in the reliability theory. In most of the studies, the reliability function of the system is obtained analytically according to the structure of the system. Also in such studies the mean operating time of the system is calculated. However, the reliability function of some systems, such as repairable system, cannot be easily obtained analytically. In this case, forming Laplace-Stieltjes transform of the system can provide a solution to the problem. In this paper, we have designed a system which consists of two components that can be repairable with the aging property. Firstly, the Laplace-Stieltjes transform of the system is formed. Later, the mean operating time of the system is calculated by means of Laplace-Stieltjes transform. The system's repair policy is evaluated depending on the geometric process. This property provides the aging of the system. We also provide special systems with different marginal lifetime distributions to illustrate the theoretical results in this study.
Introduction
In many engineering systems, cold standby redundancy is an effective way to achieve high system reliability while preserving limited power resources. Cold standby redundancy technique use one or more redundant components that are unpowered, do not consume any energy and do not fail until being activated to replace a faulty online component. Whenever working component fails, then an available cold standby component is immediately powered up to take over the mission task. Some recent works on the research of the cold standby systems are in ( [2, 7, 11, 12] ).
In perfect repair model, it is assumed that the repair completely restores all properties of failed components. However, this is not always true in real world implementations. In practice, after the repair most repairable components are not "as good as new" because of the stresses. To pay attention to this problem, much work has been done by Brown and Proschan [1] , Park [9] , Kijima [4] , Makis and Jardine [8] . For an imperfect repair model, it is more acceptable to consider that the successive operating times of the component after repair will be even shorter, while the consecutive repair times of the component after its failure will be even longer. For such a stochastic phenomenon, Lam [5, 6 ] studied a new repair-replacement policy and introduced a geometric process (GP) model. In this model, after the repair the successive operating times of the system are stochastically decreasing, while the consecutive repair times after the failure are stochastically increasing.
The following are the definition of stochastic order and geometric process, respectively, which can be seen from Ross [10] and Lam [6] , respectively. Definition 1.1. Given X and Y random variables. For all real˛, X is said to be stochastically larger than Y or Y is stochastically smaller than X, if P .X >˛/ P .Y >˛/ :
Furthermore, a stochastic process fX n ; n D 1; 2; :::g is called stochastically decreasing if X n st X nC1 and stochastically increasing if X n Ä st X nC1 . Definition 1.2. Let fX n ; n D 1; 2; :::g be a sequence of non-negative independent random variables. Under the condition that˛is a positive constant, if the distribution function of X n is F n .t/ D F a n 1 t , t 0; then fX n ; n D 1; 2; :::g is called a geometric process. The positive constant˛is the ratio of the geometric process.
It is evident that: -If˛> 1, then the geometric process fX n ; n D 1; 2; :::g is stochastically decreasing.
-If 0 <˛< 1, then the geometric process fX n ; n D 1; 2; :::g is stochastically increasing.
-If˛D 1, then the geometric process fX n ; n D 1; 2; :::g is a renewal process.
In this paper, we study two non-identical components called the component 1 and component 2 and one repairman. Initially, the component 1 begins to operate and the other component is in cold standby state. As soon as the operating component 1 fails, the standby component is switched on immediately and the component 1 is taken for repair. When the repair of the component 1 is completed and the component 2 is still working, the repaired component returns to the standby pool and is once again available to be used as working component. The system breakdown occurs when the working component fails while the other component is under repair. The organization of this paper is as follows. In Section 2, we give some assumptions concerning failures and repairs that will be useful throughout the paper. In Section 3, we describe the system mean lifetime measured when the component 1 fails. In Section 4, we present Laplace-Stieltjes (LS) transform of the system mean lifetime. In Section 5, we give a Gamma distributed example and a Weibull distributed example to illustrate the theoretical results for the proposed model. In the last section, we summarize what we have done in the article.
Model assumptions
In this section, some assumptions concerning failures and repairs are given. Initially, a two component cold standby repairable system is set up, in which the component 1 operates while the component 2 is in cold standby state. 
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, where 0 < b < 1 is the ratio of the GP for component k: 
The mean lifetime of the system
In this section, we have studied a system consisting of two components which can be repaired. There are some difficulties to obtain the reliability function of a repairable system due to the repair time of the faulty components. When any component of the system breaks down and needs repair, it increases the operating time of the system. In such conditions the repaired component's performance is lower than the new component. Apart from that, the repairing time increases after each break down and repair. Based on the above discussion, our proposed model for repairable system is defined as below.
Let 12 .a; b/ denote the system mean lifetime under the assumption that at t D 0, the component 1 begins to work and the component 2 is inactive (on standby). Let .a; b/ denote the system mean lifetime measured from the moment when the component 1 fails. It is evident that 12 .a; b/ D X 1 C .a; b/, where X 1 and .a; b/ are independent random variables. Also, X 1 is the random variable with the distribution function F X 1 with finite mean
The system described above fails when for some n 1 either event
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.n/ 1 , respectively. A possible process for events A n and B n are shown in Figure 1 and 2, respectively as follows 
where i D 1; 2; k D 1; 2; i ¤ k. Note that,˛1 2 .n/ is the probability that after the n-th repair the working component 2 does not fail while the component 1 is under .n C 1/-th repair, and˛2 1 .n/ is the probability that after the .n C 1/-th repair, the working component 1 does not fail while the component 2 is under n-th repair. Then, using (1), the probability that the system breakdown in the cycle n is obtained as
Thus using (1) and (2), the probabilities of events A n and B n are found to be
.1 ˛.j // N 12 .n/ ;
and
where N 12 .n/ D 1 ˛1 2 .n/ and N 21 .n/ D 1 ˛2 1 .n/. For the system mean lifetime measured from X 1 we have
where
; j D 1; 2; :::; n 1 and for n D 1 the sum and product vanishes.
Construction of LS transform of the system mean lifetime
In this section, we obtain LS transform of the system mean lifetime. The system consists of two components. Each component can be repairable and has aging property. We introduce the following notations;
where i D 1; 2; k D 1; 2; i ¤ kI p 1 and
.t / : Using the formula of total expectation and (3)-(4) we have
Lemma 4.1. Let X .j / k be independent random variables. For
Proof. Using the definition P n X
From (1), it follows that
The right hand-side of the above equality tends to zero as u j < t. Hence it takes the form
From this and (5) we get the proof.
Lemma 4.2. Let O X
.n/ k be independent random variable. For P n X
.n/ k
Proof. It can be obtained similarly as Lemma 4.1.
Taking into consideration the Assumption 2.3 and substituting (9) and (10) in (8) 
With the LS transform, the mean lifetime of the system 12 .a; b/ is expressed in terms of the integrals q ik.p/ .s/ and N q i k.p/ .s/, i D 1; 2; k D 1; 2; i ¤ k. The LS transform of the system mean lifetime given by the equation (11) is required to calculate the expected value of the system's mean lifetime.
We will use the following special function and integral in the next section to obtain explicit expression of the Laplace-Stieltjes transform of the system mean lifetime for a Weibull distributional example. The function is the error function defined by (Equation 8 .250.1 in [3] )
The integral is
Numerical examples
In probabilistic design it is common to use parametric statistical models to illustrate the theoretical results for the proposed model. In this section, we apply our model to a Weibull and Gamma distributional examples.
A Weibull distributional example
Assume that the working time of the component k yields exponential distribution while the repair time of the component k yields Weibull distribution, i.e.
.t/ D F 1 a n t D 1 e 1 a n t ;
where t 0; a > 1; 0 < b < 1; k > 0; k > 0;ˇk > 0I k D 1; 2. In order to obtain the explicit expression of the LS transform of the system mean lifetime expediently, letˇ1 Dˇ2 D 2, we can get
s C 2 a n 1 p 2 a n 1
where A n D sC 2 a n 1 2 1 b n 1 and B n D sC 1 a n 2 2 b n 1 : In above, we also used equation (12) and (13). Substituting the above equations into (11), we can get the explicit expression of the LS transform of the system mean lifetime as follows 
( p 2 a n 1
When the above series is convergent, the remaining terms after certain N are neglected in the numerical calculations.
From (14) 
A Gamma distributional example
Assume that the working time of the component k yields exponential distribution while the repair time of the component k yields Gamma distribution, i.e.
.t / D F 1 a n t D 1 e 1 a n t ;
.t / D F 2 a n 1 t Á D 1 e 2 a n 1 t ;
where t 0; a > 1; 0 < b < 1; k > 0; k > 0I k D 1; 2. In the following, we will compute several integrations so that the expressions of f X 1 .s/, q 12.n/ .s/, q 21.n/ .s/, N q 12.n/ .s/, N q 21.n/ .s/ can be derived, respectively.
s C 2 a n 1 s C 1 b n 1 C 2 a n 1 2 ;
.s C 1 a n / s C 2 b n 1 C 1 a n 2 ;
Here, we used suitable transformations and simplifications. Now, substituting the above equations into (11), we can get the explicit expression of the LS transform of the system mean lifetime as follows 2 a n 1 1 C s C 1 b n 1 C 2 a n 1 s C 1 b n 1 C 2 a n 1 2 C 1 2 . 1 / 2 a 2n 1 b 2n 2 1 C s C 2 b n 1 C 1 a n s C 2 a n 1 s C 1 b n 1 C 2 a n 1 2 s C 2 b n 1 C 1 a n 2 ! n 1
s C 2 a n 1 .s C 1 a n / s C 1 b n 1 C 2 a n 1 2 s C 2 b n 1 C 1 a n 2 3 5 :
From (15) 
Conclusion
In this article, we have studied a repairable aging cold standby system with a single standby unit when the components are independent. We have presented Laplace-Stieltjes transform of the system mean lifetime and compute its expected value for Weibull distributional example and Gamma distributional example.
